Brucellergene is a commercial allergen prepared from Brucella melitensis strain B115 and containing at least 20 cytoplasmic proteins. These proteins were separated by SDS-PAGE. The unstained gel was divided into 18 fractions and proteins were eluted from the gel fractions. The capacity of the separated proteins to elicit delayed-type hypersensitivity (DTH) in infected guinea-pigs or to induce the production of interferon-y (IFN-y) by blood cells from infected cattle was evaluated. The biological activity of the corresponding protein fractions blotted on to nitrocellulose was measured in a lymphocyte blastogenesis assay. Among the 18 fractions tested, two -spanning the mol. wt ranges 17-22 (fraction 8) and 35-42-kDa (fraction 17) -showed the maximum biological activity in the three tests. These fractions contain two antigens, the Brucella bacterioferritin (BFR) and P39 proteins. Both proteins are good candidates for the detection of cellular immunity to Brucella.
Introduction
BruceZZa spp. are the agents of brucellosis. As a facultative intracellular pathogen, BruceZZa elicits a cellular immune response as well as an antibody response, and there is evidence that protection from infection and elimination of this pathogen require cellmediated immune responses (CMI) [l, 21. Serological tests that detect the presence of antilipopolysaccharide (LPS) antibodies are the main tests used for the diagnosis of brucellosis. However, these diagnostic tools do not allow the detection of all infected animals, such as, for example, recently or chronically infected animals. Moreover, a more problematic aspect of serological diagnosis has emerged recently: false-positive serological reactions [3, 41 caused by the antigenic relationships between BruceZZa LPS and LPS expressed by other gram-negative bacteria [5, 61 mainly by Yersinia enterocolitica 09. An alternative is the detection of the antiprotein antibody response with specific proteins as antigens [7- 121. However, the antiprotein response is far too heterogeneous and too delayed to be of great help in serological diagnosis [7, 12, 131 .
The delayed-type hypersensitivity (DTH) test has been widely used for the diagnosis of brucellosis in ruminants. It constitutes a usefid diagnostic tool complementary to serology, and various allergens from different BruceZZa species have been prepared for this purpose [ 14- 161. Allergic diagnosis is used in a number of countries, but the type and specificity of reactions induced in animals, as well as the sensitivity of the methods, are variable.
Among the allergens used, the Brucelline developed by the INRA (France) and commercialised by RhGneMerieux (Brucellergene@) consists of a mixture of 20-30 cytoplasmic proteins and is prepared from a rough (R) strain of B. mezitensis B115 [15] . This allergen has proved to be valuable in detecting BruceZZa-infected cattle [ 1 7, 1 81. However, although a R strain of BruceZZa was used to prepare the Brucellergene, this strain is not devoid of LPS-like molecules [19] . The presence of LPS antigen in the allergen may perturb the DTH reaction and induce an antibody response which might interfere with subsequent serological tests. Furthermore, the variation in protein content of the various batches may be one cause of the heterogeneity of the DTH response. The production of a recombinant allergen composed of a few specific antigens and devoid of LPS molecules should help the diagnosis of brucellosis.
Interferon-y (IFN-y) plays a crucial role in the resolution of Brucella infection, as demonstrated by its ability to activate antibacterial functions of infected macrophages. Moreover, B. abortus induces a type 1 cytokine pattern [20, 2 11 . Therefore, identification of proteins inducing IFN-y production could lead to the use of new antigens in powerful diagnostic tests based on an in-vitro antigen-specific IFN-y production [ 3 ] .
The study and identification of antigens eliciting CMI would help both specific diagnosis and vaccination against brucellosis. This study describes the fractionation of Brucellergene and the testing of the resulting fractions in three assays of cellular immunity: DTH assay in infected guinea-pigs, lymphocyte proliferation (LB assay) and in-vitro antigen-specific IFN-y production by blood cells from infected cattle.
Materials and methods

Chemicals and reagents
Brucellergene OCB (Rhone-Merieux, batch 26N15 1) was used throughout the experiments. Donkey antirabbit immunoglobulins (Ig) and sheep anti-mouse Ig antisera conjugated to peroxidase, and e t h~l -[~H ] thymidine were from Amersham. Phytohaemagglutinin (PHA) was from Sigma.
Monoclonal antibodies and antiserum
The production of anti-P39 monoclonal antibodies (MAbs) was as described previously [ 1 81. Bacterioferritin (BFR) was prepared as described previously [8] . One rabbit was immunised with 50 pg of BFR, initially in the presence of complete Freund's adjuvant (CFA) and on day 15 with incomplete FA. The rabbit was bled 1 week after the last injection.
Fractionation of Brucellergene
Proteins of Brucellergene were separated by SDS-PAGE on 12% gel. The unstained gel was then cut into 20 sections of 3.3 mm. These gel sections were chopped in 1 ml of phosphate-buffered saline (PBS) 0.2 mM phenylmethylsulphonyl fluoride (PMSF) (Sigma), 5mM EDTA and proteins were allowed to diffuse out of the gel for 24 h. The supernate containing the eluted proteins was harvested and then dialysed against PBS 0.2 mM PMSF, 5 mM EDTA to eliminate residual SDS. These preparations constituted the protein fractions used in DTH and in-vitro antigen-specific IFN-y production assays. The protein concentration was measured with Micro BCA protein assay reagent (Pierce, Rockford, IL, USA) or by densitometry analysis of silver stained gels with a Visage 110 scanner and with the Bio Image Electrophoresis Analyser 4.6B Whole Band 2.4 software (Millipore). Bovine serum albumin (BSA) was used as a standard.
SDS-PAGE analysis, immunoblotting and preparation of blots
Protein fractions were analysed on polyacrylamide 1 6% SDS slab gels. The separated proteins were then either silver stained or transferred electrophoretically on to nitrocellulose as previously described [ 10, 221. Nitrocellulose membranes were used for immunoblotting or cut into 20 fractions for LB assay.
Immunoblotting with anti-P39 MAbs and anti-BFR antiserum was performed as described previously [ 10, 221. The preparation of blots for LB assay was done as described by Young and Lamb [23] . Briefly, the blots were rinsed with PBS and then allowed to dry in air. The protein-containing portion of the nitrocellulose was then cut into 20 sections. The sections were solubilised with 250 pl of dimethylsulphoxide (Merck), then precipitated with 250 pl of NaHC03/Na~C03 0.05 mM buffer. The precipitate was resuspended in PBS and this suspension was used in the LB assay.
DTH assay in infected guinea-pigs
Guinea-pigs of the Hartley strain were infected subcutaneously by injection of 2 X lo6 live cells of B.
abortus 544 or I: enterocolitica 09. Three weeks after infection, guinea-pigs were skin tested by the intradermal injection of 1 or 3 pg of Brucellergene in 100 pl of PBS; 1 pg of different protein fractions of Brucellergene, in 100 pl, was injected intradermally. Each guinea-pig received in parallel an injection of 1 pg of Brucellergene and 100 pl of PBS as positive and negative controls, respectively. A maximum of eight injections were done on the flanks so that each guinea-pig received both control antigens and six fractions. The increase in skin thickness was measured 1, 24 and 48 h after injection. The data presented are the results of four experiments. Results were expressed as mean increase in skin thickness (mm) and SD or as the percentage of Brucellergene reactivity.
Lymphocyte blastogenesis (LB) assay
LB assay with peripheral blood mononuclear cells (PBMC) from naturally infected cows was performed as described previously [ 181. Briefly, antigens were added (1 pg/well) to cultured PBMC (lo5 cells/well) at the initiation of the cultures. Whole Brucellergene and PHA (1 pg/well) were used as comparison standard and positive control, respectively. After 6 days, cultures were pulsed with 0. In-vitro antigen-specific IFN-y production assay (IFN assay)
The IFN assay was performed as described previously 
Results
Fractionation of Brucellergene
Fractions of Brucellergene were analysed by SDS-PAGE and silver stained (Fig. la) that each fraction contained at least one or two major proteins with weak contamination by other proteins.
Activity of the protein fractions in DTH assay
The 20 Brucellergene fractions were injected into Brucella-, Yersinia-and non-infected guinea-pigs, and the increase in skin thickness was measured 24 h after injection (Table 1 ). The mean increase in skin thickness at the site of injection of Brucellergene and PBS was 1.1 (SD 0.2) mm and 0.2 (SD 0.05) mm, respectively. None of the 20 fractions was able to induce a significant increase in skin thickness in the non-infected animals.
Among the 20 fractions tested none was able to induce an increase in skin thickness superior or equal to the one induced by the Brucellergene. However, fractions 8-9, 11-13 and 17 were of most interest as they induced reactions corresponding to 50-85% of that induced by Brucellergene (Fig. 1 b) . None of these fractions induced DTH in Yersinia-infected animals. An intense reaction was also induced in Brucella-infected animals by fraction 1, but the reaction was even more intense 1 h after injection. This kind of reaction does not correspond to DTH and this fraction was not considered as giving a positive result.
Activity of the protein fractions in lymphocyte proliferation
PBMC from three Brucella-infected cows and from a non-infected cow were used to test the 20 fractions of Brucellergene (Fig. 1 b) . PBMC from the non-infected cow did not proliferate in response to any of the fractions nor to Brucellergene. PBMC from non- (Table 1) .
None of the 20 fractions tested was able to induce a reaction > 15% of that induced by Brucellergene (Fig.   1 c) . However, the proliferations observed with ftactions 8 and 17 were approximately double those induced by the other fractions.
Activity of the protein fractions in IFN assay
Blood samples from two Brucella-infected cows were tested for IFN-y production upon Brucellergene stimulation (Table 1 ). The mean SI observed was 6.4 (SD 1.5). Among the 20 fractions tested, 10 fractions induced an IFN-y production superior to that induced by Brucellergene. The maximum SI observed with the blood sample from a non-infected animal was 1.9.
Fractions 7-10, 13 and 17 induced the most intense IFN-y production (12.9 < SI < 24.7) (Fig. Id) . The stimulation of IFN-y production by blood cells of infected animals induced by these fractions was nearly always doubly superior to that induced by Brucellergene.
Western blot analysis of fractions 8 and 17
Fractions 8 and 17 seem to be relevant T-cell antigens, as they induced highly positive reactions in the three tests performed. Fraction 8 contained proteins of 18-20 kDa and fraction 17 contained proteins of 36-40 kDa. Immunoblot analysis with anti-BFR polyclonal antiserum and anti-P39 MAb following SDS-PAGE of fractions 8 and 17, respectively, revealed one band in each fraction (Fig. 2) . This indicates that one of the proteins present in fraction 8 was BFR and that P39 was present in fraction 17.
Discussion
Brucellergene, a cytoplasmic protein preparation of B. In order to set up a new specific diagnostic test, the specificity of both antigens should be measured. A previous study showed that P39 is a specific antigen by performing DTH and LB assays on cattle infected with bacteria cross-reacting with Brucella. The specificity of BFR is more questionable, as this protein is highly conserved among bacterial species. However, the presence of less conserved regions in the proteins which could correspond to specific epitopes has been described previously [22] . Moreover, BFR did not induce any DTH reaction in guinea-pigs infected with I.: enterocolitica 09.
Some fractionated protein antigens were able to induce positive reactions of the same (Fig. lb) 
